Background: Along with its rapid economic growth, Korea has been undergoing considerable changes in the diet. But the influence of these changes on nutrition and health profiles has scarcely been investigated. Objective: We explored secular trends in dietary patterns to clarify their influence on obesity and its related risk factors among Korean adolescents using data from three consecutive Korean Nutrition Health and Nutrition Examination Survey (KNHANES). Design: Using data from the three KNHANES, 4347 adolescents (1572 from 1998, 1484 from 2001, and 1291 from 2005), who completed a 24-h diet recall, were included in the analysis. Percentiles of BMI were used to determine obesity; abdominal obesity was identified by waist circumference; and serum triglycerides and HDL-cholesterol ¼ high density lipoproteins (HDL)-cholesterol were measured for obesity-related risk factors. Results: We identified evident three dietary patterns: 'traditional' (45.8% of total population), 'modified' (19%), and 'western' (35.2%). Secular trends were observed in dietary patterns, with a decline in the traditional diet pattern and gradual increases in the modified and western patterns. The percent of energy from fat increased over time, and it was positively associated with abdominal obesity in boys. The western dietary pattern increased the risk of being overweight (P ¼ 0.05) and having elevated serum triglycerides (P ¼ 0.07) in boys. Conclusions: Gradual changes over time in dietary patterns are occurring in Korean adolescents. The emerging western dietary pattern and high-fat intake could negatively affect the adolescent population studied here in later life; therefore, appropriate monitoring is suggested.
Introduction
Dietary patterns are a subject of growing interest with regard to examining the complex nature of dietary intake and exploring its relationship with health outcomes. Recently, many studies have reported associations between dietary patterns and disease risks, including metabolic abnormalities, cardiovascular disease, and some cancers. [1] [2] [3] [4] Despite some inconsistency in the findings, generally dietary patterns rich in whole grains, legumes, vegetables, and fish had favorable effects on metabolic abnormalities, 2,3 whereas western patterns, characterized by high-fat foods, increased the risk of metabolic abnormalities, such as type 2 diabetes and cardiovascular disease. [5] [6] [7] These studies often measured diet at a single point, so that associations between changes in dietary patterns over time and health outcomes have rarely been investigated. One study did examine secular trends not in dietary patterns, but in food consumption and eating behaviors of adult Americans using four consecutive US National Health and Nutrition Examination Surveys (NHANES) ). 8 The study found an increase in the quantity of food intake and in the energy density of the foods over three decades, and these trends roughly paralleled that of the increasing prevalence of obesity. 8 Recently, several studies have reported longitudinal changes in dietary patterns. Mishra et al. 9 found a decline in the consumption of 'meat, potatoes, and sweet foods' pattern over time, and an increase in 'fruit and vegetable and dairy' pattern as well as 'ethnic foods and alcohol' pattern in the United Kingdom. Newby et al. 10 reported that obese subjects with a healthy dietary pattern showed larger decreases in BMI over 9 years than obese subjects with other dietary patterns such as 'western/Swedish,' 'alcohol,' and 'sweets'. Togo et al. 11 also described dietary patterns over time, and several studies on the stability of dietary patterns over time in adult populations have been published. [12] [13] [14] However, most research on changes in dietary patterns over time has focused on adults, and few studies have examined adolescents. Adolescence represents an important life-stage for the development of healthy nutrition behaviors. 15 According to data from the US National Health and Nutrition Examination Survey (NHANES) between 1999 and 2004, the prevalence of obesity, defined as 495th percentile of BMI for age, increased from 14.8 to 17.4% among adolescents aged 12-19 years. 16 As dietary habits carry over from adolescence to adulthood, establishing a healthy dietary pattern in adolescence is of great importance for health benefits in later adult life. Some cross-sectional studies found that for adolescents with dietary patterns characterized by a high intake of fruit, vegetables, fish, low intake of sweets, fast foods there was a favorable effect on blood pressure, 15 waist circumference, 17 and serum cholesterol. 18 However, any relationships between dietary pattern trends and disease risks have not yet been examined. This study investigated secular trends in dietary intake using a dietary pattern technique and studied the association of dietary pattern with obesity-related risk factors among Korean adolescents. 23 We also used data from all surveys combined as we assumed that dietary patterns in Korea would be stable and wanted to examine the proportion of these patterns over time.
Subjects and methods

Study population and design
As grain and grain products accounted for almost 40% of the total energy intake, it was further divided into six subgroups to address staple foods typically consumed by adolescents: white rice, other grains, noodles and dumplings, flour and bread, pizza and hamburgers, and cereals and snacks. Kimchi (traditional fermented cabbage) was also separated into a single vegetable group because it is a commonly eaten traditional Korean side dish and was helpful in identifying dietary patterns.
To avoid clustering around foods with the greatest weight and to adjust for weight differences between solid and liquid foods, the percentage of energy from each food group was used. K-mean cluster analysis was performed on the percent of energy from each food group. We used principal components analysis and our earlier work 7, 24 to identify the number of clusters. On the basis of analyses with larger numbers of cluster solutions and initial exploratory analyses, we determined three distinctive clusters based on the eigenvalue of 1.30 and differences. For ease of discussion, each dietary pattern was labeled by a descriptive name based on the predominant food groups.
Anthropometric and biochemical indices
Height and weight were measured by well-trained examiners with subjects wearing light clothing and no shoes. A portable stadiometer (range, 850-2060 mm; Seriter, Holtain Ltd., Crymych, UK) was used to the nearest 0.1 cm for height and a calibrated balance beam scale (Giant 150N; HANA, Seoul, Korea) was used in the upright position to the nearest 0.1 kg for weight. BMI was calculated as the weight divided by the square of the height (kg/m 2 ). Waist circumference was measured at the end of normal expiration to the nearest 0.1 cm, measuring from the narrowest point between the lower borders of the rib cage and the iliac crest.
After an 8-h overnight fast, venous blood samples were obtained from the antecubital vein. Specimens were immediately sent to a central, certified laboratory. The fasting plasma concentrations of total cholesterol, triglycerides, and 
Obesity and related factors
We used the definitions of obesity-related risk factors from Cook et al., 25 in which specific criteria for each component of pediatric metabolic syndrome were given. Obesity was defined as a BMI X95th percentile for age and gender, and overweight was defined as 85thpBMI o95th percentile. A normal subject was defined as 5thpBMIo85th percentile and 206 subjects who were under the 5th were excluded from this analysis. Abdominal obesity was defined as a waist circumference X90th percentile for age and gender. The reference values for BMI percentile and waist circumference were adapted from the Korean Pediatric Growth Chart. 26 Elevated serum triglyceride was defined as X150 mg per 100 ml and low serum HDL-cholesterol was defined as p40 mg per 100 ml.
Statistical analyses
All statistical analyses were conducted using SAS (release 9.1; SAS, Cary, NC, USA). We combined data from the three surveys for these analyses, and study year was applied as an independent variable in all analyses. The w 2 test was used to compare the percentage of energy from fat in dietary pattern groups over the years by age group. Linear or logistic multiple regression models were also used to assess secular trends in anthropometric, biochemical, and dietary variables.
Results
The secular trends in anthropometric and biochemical parameters from the three consecutive KNHANES are shown in Table 1 . A significant difference was observed in the mean age among the three surveys, so all the models in this study included age as a covariate. However, no difference in distribution by gender was detected. BMI and waist circumference were significantly different among the three surveys after adjusting for age and gender (both (P ¼ 0.0001). Boys showed slightly increased BMI and waist circumference over time, whereas girls did not.
Serum triglycerides increased during the first period, from 1998 to 2001 (88.3 and 101.8 mg per 100 ml, respectively), but decreased to 89.5 mg per 100 ml in 2005. Serum HDLcholesterols significantly decreased over time (53.3, 47.5, and 44.5 mg per 100 ml in 1998, 2001, and 2005, respectively). Boys and girls showed the same secular patterns in serum triglycerides and serum HDL-cholesterols, although boys had generally higher levels.
The age-standardized prevalences of overweight, obesity, and abdominal obesity over time are presented, stratified by gender, because of distribution differences in the prevalence, in Figure 1 . All prevalence of overweight, obesity, and abdominal obesity increased significantly over time in boys, with the rates almost doubling during the first interval 1998-2001 (6.4-11.5% for overweight, 3.2-7.5% for obesity, 5.1-10.3% for abdominal obesity) and then increasing slightly in the second interval, 2001-2005 (11.5-13.5% for overweight, 7.5-8.2% for obesity, 10.3-10.6% for abdominal obesity). However, no trend in the prevalence of these three conditions was observed in girls (9.7, 10.6, 11.4% for overweight, 4.5, 7.2, 5.7% for obesity, 8.5, 9.9, 8.2% for abdominal obesity in 1998, 2001, 2005, respectively).
Energy intake differed slightly by study year after adjusting for age and gender so that all models were adjusted for energy intake (Table 2 ). Protein and fat intake were highest As the percentage of energy from fat increased over time, we examined fat intake and the percentage of energy from fat using obesity-related indices. A strong association between abdominal obesity and the percentage of energy from fat was revealed. The subjects who were at the 90th percentile or above for waist circumference showed significantly higher percentages of energy from fat only in boys, after adjusting for age and study year (Figure 2) .
To further explore dietary patterns among this population, a cluster analysis was conducted, and three distinct clusters were identified (Table 3 ). In total, 1982 participants (45.8%) Figure 1 Age-standardized prevalence of overweight and obesity among Korean adolescents aged 10-19 years from three KNHANES. 
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were assigned to a 'traditional' dietary pattern; they had higher consumptions of white rice, kimchi, vegetables, and fish, typical components of a traditional Korean diet. Then, 1520 participants (35.2%) were assigned to a 'western' dietary pattern because they had higher consumption of flour and bread, pizza and hamburgers, meat and meat products, dairy products, and soft drinks. As a transitional dietary pattern was observed in between those two groups, we called that a 'modified' dietary pattern. Their consumption of each food group was between that of the two other groups, except for their higher noodle and dumpling consumption. The energy intake was highest in the western pattern. The percentage of energy from carbohydrates was 68% in the traditional group, 62% in the modified, and 58% in the western pattern, whereas percentages of energy from fat were 17.7, 24.5, and 26.9%, respectively. Significant differences were observed in age and gender by dietary pattern (P ¼ 0.0001, P ¼ 0.01; data not shown). The mean age in the modified group was 14.7 years, higher than the roughly 14 years in the other two groups. The percentage of males in the western group was 48%, lower than in the other two groups (52.2% in modified, 53.1% in traditional). The secular trends in dietary patterns are presented in Figure 3 . The overall trend was a decline in the traditional pattern and the emergence of the western and modified patterns over time (data not shown). This trend was the same by gender, but different features were detected between the age subgroups '10-15' and '16-20' years. Both age groups showed declines in the traditional pattern over time. However, the western pattern moved in different directions; in the 10-15-year age group, a decrease in the western pattern occurred over time, 37 .5% in 1998 to 35% in 2005, whereas in the 16-20 age group, an increase occurred from 31% in 1998 to 38% in 2005.
The associations between dietary patterns and obesityrelated indices are presented in Table 4 . The western pattern group had increased risks for overweight (P ¼ 0.05) and elevated serum triglycerides (P ¼ 0.07) in boys. No significant association between dietary patterns and obesity-related indices was seen in girls.
Discussion
This study was conducted to explore secular trends in dietary intake using pattern analysis based on a national sample of Korean adolescents and to examine whether these dietary The observed increases in the prevalence of overweight, obesity, and abdominal obesity over time among Korean adolescents are not isolated phenomena. Many studies have reported increasing secular trends in childhood and adolescent obesity around the world, which has become a growing public health concern. 16, [27] [28] [29] This increasing trend was found only in boys in this study, unlike the results of studies in western countries, 16, 27, 28 but was similar to a study in Chinese adolescents, 27 in which the author commented that Abbreviations: BMI, body mass index; CI, confidence interval; HDL-C, high density lipoproteins-cholesterol; OR, odds ratio; Pct, percentile; serum TG, serum triglyceride (mg per 100 ml). a 2007 Korea Pediatric Growth Chart. þ P ¼ 0.07. Logistic analysis was used and covariates were age and study year in each model.
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the gender difference in the prevalence of obesity was likely related to a preference for thinness in Chinese adolescent females. A similar explanation may well be true for Korean girls. Many studies have reported that Korean girls regard a thin body type as their ideal body image and that they are dissatisfied with their body image. [30] [31] [32] According to Ahn et al. 30 almost 70% of Korean girls were dissatisfied with their body image, and their desired body weight was 7 kg less than their current body weight even though they all had a BMI within normal range. The percentage of boys who were dissatisfied with their body image was much less. Kim 32 examined 319 male and female elementary school students in Korea and found that 22% of girls were determined to be in the underweight group compared with only 9% of boys, whereas 50% of girls were dissatisfied with their body images compared with 38% of boys. Ryu and Yoon 31 also reported that the percentage of high school students who had experience of weight control was 52% in the normal weight group but 64% in the underweight group. It implies that Korean girls have a distorted body image which can causes differences over time in the rate of overweight, obesity, and abdominal obesity between boys and girls. Thus, gender specificity or different approaches should be considered for this population. Although many risk factors exist for being overweight or obese in children and adolescents, the diet is a common factor that is modifiable through such changes as reduced consumption of fats and sweet items. 33 We also found increases in fat intake over time in this population, in parallel with increases in the prevalence of overweight and obesity in boys, although only abdominal obesity was significantly associated with the percentage of energy intake from fat. Several other studies have reported associations between fat intake and obesity in groups of young people, but only some results showed a positive relationship. [33] [34] [35] [36] These results are likely explained by fat intake being just one risk factor associated with childhood obesity. As fat intake concerns only a single nutrient type, we sought to explore overall dietary patterns. We pooled all three surveys and conducted a cluster analysis without a time variable. According to several recently published studies, the dietary pattern is reasonably stable over time.
12-14 Thus, we assumed that dietary patterns would be stable in our population and secular trends might appear because of changes in distribution. In addition, for pattern analysis with the combined data set, we applied the same standards for identifying dietary patterns. We found three distinct dietary patterns in this study, similar to other studies conducted in Korean populations or in those of Korean descent 7, 24, 37, 38 . Most studies reported a 'traditional' dietary pattern, with high consumption of rice and kimchi. Regarding grain and grain products, subjects with the traditional pattern obtained almost 53% of their daily energy intake from white rice alone, whereas in the other two dietary patterns the figure was about 25% from white rice. Instead of white rice, subjects in the modified pattern group chose noodles and dumplings, and in the western pattern group, they chose flour and bread and pizza and hamburgers, also accompanied by increases in fat intake. These findings indicate that Korea has been undergoing major changes in dietary patterns, with reduced consumption of rice in the typical diet and a move towards a wider variety of staple foods such as breads and noodles. The secular trends in dietary patterns were consistent with these findings. The traditional pattern group declined, from 48% in 1998 to 44% in 2005, whereas the western pattern rose from 34% in 1998 to 36% in 2005. This also explained the increase in fat intake and decreased carbohydrate intake over time; in this study, the percentage of energy intake from fat increased from 20.8 to 23.7%, whereas that from carbohydrates decreased from 65.2 to 61.5% between 1998 and 2005. Although some variation was noted in nutrient intake over time, the three dietary patterns were largely maintained in this population. To our knowledge, this is the first report to examine dietary change using pattern analysis in Korean adolescents.
Separating traditional versus western dietary patterns has been done in several studies, including those conducted in Spain, Greece, and Italy. [39] [40] [41] The western pattern is often characterized as a high-fat diet, with red and processed meat, high-fat dairy products, and refined cereals. The risks of cardiovascular disease, 6,42 type 2 diabetes, 5 and obesity 39 have been reported in connection with the western dietary pattern. In our study, the western pattern was found in 35% of the total population, and was also characterized by a higher consumption of meat and meat products, milk and dairy products, flour and bread, and soft drinks. We believed that the western dietary pattern would be associated with obesity because of its highest fat intake as a percentage of energy. In fact, we did find that the western pattern increased the risk of being overweight and having elevated serum triglycerides in boys compared with a traditional dietary pattern. However, contrary to our expectation of a rapid increase in the western pattern in this national sample, a gradual increase was observed in the western and modified dietary patterns. Kant and Graubard 8 also commented on the relatively small shifts in the patterns of food consumption in a study regarding four NHANES over three decades in the United States.
Although there is growing concern for Korean children and adolescents regarding the rapid adoption of western culture and dietary patterns, due to which several studies have documented nutritional transitions toward a higher fat diet, 24, 37, 43 it would appear that changes in dietary pattern occur very gradually in a nationwide sample. In addition, an age difference was seen in the secular trends of dietary patterns. Older adolescents aged 16-20 years showed an increasing trend toward the western pattern over time, whereas younger ones aged 10-15 years showed the opposite trend in both boys and girls. Although we have no clear explanation for that finding, older adolescents may be more Our study has several limitations. Although we combined data from three consecutive national surveys and examined secular trends, this was a cross-sectional design, so we could not track changes in dietary pattern individually. Thus, identifying how individual changes in dietary patterns affect the risk of obesity is difficult. Further studies tracking individual changes in diet and disease risks with a longitudinal design are necessary to examine this issue.
Another limitation was a lack of standardization in the analysis through the three surveys. Because of concurrent changes in analytical methods, the values of biochemical indices in 2005 were slightly lower than those in 1998 and 2001, especially the serum triglyceride levels. The report for KNHANES, published by the Ministry of Health and Welfare, also commented that caution was necessary in comparing these values over time because of differences in methods. 22 We, therefore, conducted a subanalysis for all logistic models after censoring biochemical records obtained from 2005 and found the same, but stronger results.
In summary, dietary patterns were evident in Korean adolescents. The secular trends in dietary patterns were a decline of the traditional pattern, and an emergence of the modified and western patterns. A positive association was determined between the 'western' dietary pattern and obesity. Future studies should monitor dietary patterns individually and the effect on health outcome over the long term for a better understanding of adolescent obesity.
